Objective: The Working Group on Uric Acid and Cardiovascular Risk of the Italian Society of Hypertension conceived and designed an ad-hoc study aimed at searching for prognostic cut-off values of serum uric acid (SUA) in predicting fatal myocardial infaction (MI) in women and men.
INTRODUCTION
About serum uric acid as a risk factor D uring the last few decades, a large number of epidemiological studies have reported an association between serum uric acid (SUA) and cardiovascular disease, especially coronary artery disease (CAD) [1] [2] [3] [4] [5] [6] [7] [8] [9] , and literature shows an increasing interest for the direct deleterious impact of the synergistic effect of SUA on other cardiovascular risk factors [10] . Uric acid is the final product of nucleic acid metabolism, and its production is controlled by a multitude of different factors, including dietary intake of various foods, renal excretion, and rate of uric acid cell turnover [11] .
The problem of cut-off values SUA is often taken into consideration by researchers and clinicians as a continuous variable, but they would strongly prefer to use cut-off values, that are more useful in clinical setting. Different SUA values have been proposed as 'normal' in many countries based on cross-sectional studies [3] or even on the reports of public and private laboratories [12, 13] . Different levels above 6 mg/dl are usually considered as pathologic. However, observational cut-off does not have necessarily a prognostic value, and a growing body of evidences suggests that SUA might exert a detrimental influence on the cardiovascular system, brain and kidney and also negatively influence glucose metabolism for circulating levels below the saturation limit [2, 3] , indicating its effects is in part independent of precipitation of urate monosodium crystals. Indeed, some studies demonstrated that the relation between SUA and cardiovascular disease is evident not only in the presence of the so-called overt hyperuricemia or gout, but also with SUA levels usually considered in the normal-to-high range [5, 14, 15] .
Serum uric acid and cardiovascular events in men and women
Furthermore, several studies have shown that the association between SUA levels and cardiovascular disease appears for lower SUA values in women than in men [6, 16, 17] . For instance, among the 5926 North-American participants in the National Health and Nutrition Survey observed for 16.4 years, for each mg/dl increase in SUA cardiovascular mortality increased by 9% in men (hazard ratio 1.09, 95% confidence intervals, CI, 1.02-1.18) and by 26% in women (hazard ratio 1.26, 95% CI 1.16-1.36) [18] . Furthermore, a meta-analysis on the link between hyperuricemia and CAD, taking into account the traditional cardiovascular risk factors and including subgroup analyses, showed a strong association between hyperuricemia and increased risk of CAD mortality in women, while no significant association was found in men [6] . This suggests a sex-specific action of SUA with different prognostic cut-off values in women and men [10] .
An Italian network of excellence
The Working Group on Uric Acid and Cardiovascular Risk of the Italian Society of Hypertension conceived and designed a nationwide ad-hoc protocol involving a great number of Italian people, aimed at finding, if any, the cutoff value of SUA able to stratify men and women into having or having not an increased risk of cardiovascular events. The URRAH (URic acid Right for heArt Health) intends to clarify if SUA is associated with CAD and with other cardiovascular and renal diseases, if univariate cut-off levels of SUA exist, if they are able to separate clearly the cohort in two subcohorts as regards of incident events, and if those cut-off values can be confirmed being accepted in multivariate Cox regression models adjusted for confounders and being used in population-based control cohorts.
For the specific purpose of the analysis shown herein, the possible cut-off of SUA in relation to incident fatal myocardial infarction (MI) was considered.
METHODS

Database and study protocol
The database called URRAH is a multicenter observational cohort study which involves data on individuals aged 18-95 years collected on a regional community basis from all the territory of Italy under the patronage of the Italian Society of Hypertension with a mean follow-up period of 122.3 AE 66.9 months (CI 121.5-123.2) up to 31 July 2017 [19] .
The study protocol has been previously extensively described [19] . In brief, a nationwide Italian database was built on a regional basis by collecting data on individuals from representative cohorts having SUA measurement and complete information about several variables. For all individuals, a standardized set of items was recorded, including demographics, metabolic parameters, smoking habit, systolic and diastolic arterial blood pressure, renal function, target organ damage (intima-media thickness, left ventricular hypertrophy, urinary and albumin excretion), history of cardiovascular, renal and brain disease, concomitant treatments and outcome.
Ethics
The study data were collected routinely or ad hoc in authorized studies. Individuals underwent no extra tests or interventions, and there was no impact on individuals' care or outcome. The URRAH was performed according to the Declaration of Helsinki for Human Research (41st World Medical Assembly, 1990). The processing of the patients' personal data collected in this study comply with the European Directive on the Privacy of Data. All data to be collected, stored and processed are anonymized, and all study-related documents are retained in a secure location. No personal information is stored on local personal computers. Approval was sought from the Ethical Committee of the coordinating center at the Division of Internal Medicine of the University of Bologna (no. 77/2018/Oss/AOUBo). Informed consent was obtained from all individuals at recruitment.
Outcome
Incidence of fatal MI was evaluated at the end of the followup, based on the International Classification of Diseases Tenth Revision codes I21, I22 and I23. Information about death was obtained from hospital records or death certificates.
Statistics
General description
The SAS package version 9.4 (SAS Institute, Cary, North Carolina, USA) was used for statistical analysis.
A preliminary power analysis based on differences from stratified values of uric acid for a ¼ 0.05 and power (1 À b) ¼ 0.80 was performed. To our knowledge, no study exists about possible cut-off values of SUA discriminating individuals into doomed to and not doomed to develop fatal MI, much less after sex stratification. Consequently, based on previous work of our research staff [20, 21] , we considered 1 mg/dl SUA as a possible difference able to stratify individuals according to the above-mentioned outcome. Power analysis showed that the number of individuals in the database (n ¼ 23 467) represented a sample largely sufficient to avoid b error also after stratification by sex and by fatal MI. The Kolmogorov-Smirnov normality test was performed. Continuous variables were expressed as mean AE SD and compared among classes or categories by the analysis of covariance adjusted time to time for proper confounders and followed by the Bonferroni's post-hoc test. Categorical variables were compared by means of the Pearson x 2 test. In multivariate analyses, the covariables that were not independent from each other were previously log-transformed. The null hypothesis was rejected for values of P less than 0.05.
Preliminary cox analysis
SUA as a continuous item (in mg/dl) was used as independent variable in Cox analyses having fatal MI both in the whole database and separately in men and women as dichotomic dependent variable, and sex, age, arterial hypertension (AH), diabetes, chronic kidney disease, smoking habit, ethanol intake, BMI, haematocrit, LDL cholesterol (LDLC) and use of diuretics as possible confounders. Hazard ratios with 95% CI were produced. The null hypothesis was rejected for values of P less than 0.05.
Univariate prognostic cut-off values
The receiver operating characteristic (ROC) curves method was used to search for prognostic cut-off of SUA for fatal MI in the whole database and by sex. SUA was used as basic variable and fatal MI as dichotomic classification variables. The methodology by DeLong et al. [22] was used. Ratio of cases in the positive group (prevalence), sensitivity and specificity were calculated. ROC curves were generated in the whole database and in women and men, and the prognostic cut-off values were identified as the curve point nearest to the 100% of axis of the ordinates [23] . In practical terms, this was made by identifying the SUA value associated to the highest values of the sum sensitivity þ specificity. Youden's index [24] defined for all points of ROC curves were used as a criterion for selecting the optimum cut-off. The area under the curve was also shown for each ROC analysis [25] .
Validation of the prognostic cut-off values
The cut-off values of SUA identified by mean of the ROC were tested in two ways: first, they were used separately as independent variables in multivariate Cox analyses adjusted for the confounders already identified, having fatal MI as dichotomic dependent variable. The analysis was performed in the whole database as well as in men and women. A cut-off value identified via the ROC method was considered as valid if accepted in the model being the null hypothesis rejected, otherwise it was considered a false cutoff. The corresponding hazard ratio with 95% CI were obtained. Second, the validity of the cut-off values of SUA was then confirmed using internal validation, that is retesting each cut-off point using a subsample of 9385 individuals from structured population-based cohorts (refer to Table 1s and Supplemental materials, http://links.lww. com/HJH/B164). The aim of this procedure was to clarify whether in the control cohort from general population the three cut-off values of SUA concerning fatal MI in the whole cohort and in men and women significantly separated those developing the event from those who did not during the follow-up.
Myocardial infaction in relation to cut-off values
In the whole database and separately in women and in men, the validated cut-off values were used to stratify MI in descriptive analysis and for generating outcome curves according to the Kaplan-Meier nonparametric estimator of limit product.
RESULTS
Whole cohort
Descriptive statistics
The general characteristics of the 23 467 individuals are shown and also stratified by sex in Table 1 .
In the overall study population, median follow-up was 11.0 years (5th to 95th percentile interval: 0.7-19. 
Multivariate analysis
Preliminary Cox models having fatal MI as dependent variable showed that, in the whole cohort, SUA as a continuous variable was associated to fatal MI (hazard ratio 1.146, 95% CI 1.060-1.239, P ¼ 0.0007), being sex a significant confounder ( Table 2) .
Search for cut-off values ROC curve furnished plausible univariate cut-off value of SUA for fatal MI (>5.70 mg/dl). The ROC curve for whole cohort is shown in Fig. 1 , and ROC curve parameters are summarized in Table 3 .
Furthermore, in multivariate Cox analyses performed in all participants and adjusted for sex, age, AH, diabetes, chronic kidney disease, smoking habit, ethanol intake, BMI, haematocrit, LDLC and use of diuretics, the cut-off value of SUA for fatal MI was accepted in the model (hazard ratio 1.381, CI 1.096-1.758, P ¼ 0.006) ( Table 4 ). Male sex, age, diabetes, smoking and chronic kidney disease directly contributed to incident fatal MI.
When the above-mentioned cut-off value was tested in the population-based control subsample of 9385 individuals, it significantly divided those who developed fatal MI from those who resulted to be free from this event. In this control cohort, incidence of fatal MI was 2.6% among the individuals who did not exceed 5.70 mg/dl, and 4.8% among those over this value (x 2 ¼ 33.36, P < 0.0001).
Application of the confirmed cut-off to the study database
Kaplan-Meier curves in the whole database are shown in Fig. 2 , left panel. The curves of individuals having SUA cutoff or less and SUA more than cut-off were clearly separate.
Women
Multivariate analysis
In women, preliminary Cox model showed that SUA as a continuous variable was a predictor of fatal MI (hazard ratio 0.136, 95% CI 0.058-0.215, P < 0.001).
Search for a cut-off value
The ROC curve furnished a plausible univariate cut-off value of SUA for fatal MI (>5.26 mg/dl); ROC curve is shown in Fig. 1 , middle panel, and ROC curve parameters are summarized in Table 3 .
Confirmation of the cut-off value
In multivariate Cox analysis adjusted for confounders (age, AH, diabetes, chronic kidney disease, smoking habit, ethanol intake, BMI, haematocrit, LDLC and use of diuretics), the cut-off value of SUA for fatal MI was accepted in the model identifying a hazard ratio of 1.514 (CI 1.105-2.075, P <<< 0.01) ( Table 5 , upper panel). Age, diabetes and smoking directly contributed to fatal MI, while use of diuretics was protective. When the above-mentioned cut-off value, confirmed in multivariate analysis, was tested in the control cohort of 5276 women from general population, it significantly divided those who developed fatal MI (6.88%, P < 0.0001) from those who resulted to be free from these events (2.62%, x 2 ¼ 53.14, P < 0.0001). In this control cohort, the hazard ratio of having SUA greater than the cut-off was 1.43 (CI 1.05-1.96, P ¼ 0.026).
Application of the confirmed cut-off to the study database
Kaplan-Meier curves in women are shown in Fig. 2 , middle panel. The curves of individuals having SUA cut-off or less and SUA more than cut-off were clearly separate.
Men
Multivariate analysis
In men, preliminary Cox models having fatal MI as dependent variable showed that SUA as a continuous item was rejected from the model (hazard ratio 0.088, P ¼ 0.2).
Search for a cut-off value
Univariate search for a cut-off value for fatal MI was anyway performed, leading to apparent identification of more than 5.49 mg/dl. In univariate cut-off analysis, this cut-off apparently stratified men into those having a fatal MI (3.03 vs. 1.64%, x 2 20.92, P < 0.0001). ROC curve is shown in Fig. 1 , right panel, and ROC curve parameters are summarized in Table 3 . Nevertheless, when tested in multivariate Cox model adjusted for the confounders including all men, this cutoff was not accepted in the equation (Table 5 , lower panel). Accordingly, this apparent cut-off was also rejected from the Cox analysis performed in the population-based control cohort of 4109 men (hazard ratio 1.39, CI 0.96-2.02, P ¼ 0.1).
Application of the confirmed cut-off to the study database As obvious, when used in Kaplan-Meier analysis, the false cut-off produced curves whose CI were partially overlapping, indicating lack of statistically significant difference between individuals having SUA false cut-off or less and SUA more than false cut-off.
DISCUSSION
The results of the current study confirm that SUA is an independent risk factor for fatal MI after adjusting for potential confounding variables, and demonstrate that a prognostic cut-off value able to separate the individuals at risk of developing the event from those free from this event can be identified (>5.70 mg/dl).
Concerning sex, the literature suggests that a difference exists between men and women as regards SUA [26] . In agreement with this evidence, we divided the database according to sex, and actually SUA was 4.3% lower in women than in men. Several studies have also reported a stronger association between SUA and cardiovascular events in women than in men [6, 17, 18, 27] or the existence of such an association in women only [28] [29] [30] . This is why we felt the need for a separate search of cut-off values in men and women. On the other hand, cut-off values generically derived from a population including both genders would be of no help in clinical practice, where a patient can only be male or female.
After sex stratification, we observed that predictive values of SUA for fatal MI could be identified in women but not in men, probably due to the nonlinear relationship between SUA and MI in this sex.
In women, the cut-off value of SUA identifying those at higher risk of developing fatal MI during the follow-up was more than 5.26 mg/dl, that is lower than that conventionally accepted as a cut-off based on cross-sectional evidence and also much lower than the SUA values commonly associated with gout [31] .
In men, a theoretical univariate cut-off of SUA could be identified by the ROC method, but it was without any independent value when played in multivariate Cox models adjusted for confounders. It must therefore be rejected as devoid of prognostic value.
The cut-off values identified in the whole database are therefore due to women only. These results are consistent with a series of studies showing a stronger effect of SUA levels in women than in men. A metanalysis of prospective cohort studies showed a significant association between hyperuricemia and CAD events in women only (þ17% for each increase of 1 mg/dl of SUA, independent of traditional risk factors), although its results are quite questionable because the definitions of hyperuricemia were different across the studies [6] . The AMORIS study, a large population-based prospective study involving 417 734 men and women from the Stockholm area, demonstrated that in women, but not in men, the risk of fatal MI increased by 19% for each increase of 1 mg/dl of SUA [27] . In another study, in which the associations between SUA and MI followed a J-shaped pattern, the association between increased SUA and risk of cardiac mortality stronger in women than in men [7] . In the study performed by Culleton et al. [26] in 6763 individuals from the Framingham Heart Study, an increased risk for adverse outcome associated to higher SUA was found for women only after age adjustment. Also in the First National Health and Nutrition Examination Survey [18] , were coronary mortality was 17% in women and 30% in men, there was no association between hyperuricemia and CAD in men, although an association was detected in women. In a study on a Belgian population SUA level was associated with cardiovascular and coronary mortality in women only [32] . In countertrend, Reboldi et al. [10] , in the frame of the Ambulatory Blood Pressure International Study, recently found in a medium-term follow-up a positive association between SUA and composite fatal and morbid events including stroke in men only after adjustment.
Currently available models used for the study of pathophysiological mechanisms of the effects of SUA on coronary disease do not adequately explain this relationship. Soluble uric acid has been shown to act as a pro-oxidant as well as facilitator of free radical production [33] . Uric acid can crystallize, resulting in the formation of monosodium urate crystals which tend to precipitate in various tissues, triggering local inflammatory responses. The mechanistic actions involving the crystals have been shown to be intimately involved in the individuals of CAD [33] . It has been demonstrated that human atherosclerotic plaque contains a considerable amount of uric acid, and high SUA -via purine metabolism -may promote thrombus formation [34, 35] . Moreover, SUA can stimulate oxidative stress and induce endothelial dysfunction, inflammation, and vasoconstriction [36] . SUA concentrations were also found to promote oxygenation of LDLC and to facilitate lipid peroxidation [37] . Each of these factors is known to play a crucial role in the progression of atherosclerosis and may potentially contribute to the development of CAD observed in patients with hyperuricemia. The reason why plausible multivariate cut-off values could be found in women only, although perfectly in line with current literature, has no explanation up to date in our experience. Clinical and biochemical studies are mandatory in this respect.
Of course, SUA levels as predictors of cardiovascular disease in patients without gout would not change the criteria for therapeutic intervention since there is a lack of clear evidence of its benefit.
The strength of the study shown herein is that, to our knowledge, it is the first aimed at finding prognostic cut-off values of SUA for the development of MI in a large nationwide database analysed longitudinally with a long-lasting follow-up. The limitations are represented by the fact that this was a retrospective evaluation, that the analysis was based on a single SUA measurement without taking into consideration the dilution bias, and that the design was fit to demonstrate an association but not a causality in the relationship between SUA and fatal MI. Furthermore, the determination of cut-off points resulted in a marginal area under the curve even in women, which would classify it on some scales as a test of poor discriminatory ability. Although the fatal infarction is a hard outcome, there may have been a bias in the diagnosis of infarction as the cause of each death in particular. Finally, the echogenetic context of the interaction between SUA and MI will be considered in further analysis [38] .
In conclusion, measurement of the SUA level might provide significant prognostic information about incident MI in women, in addition to the evaluation of conventional risk factors in daily clinical practice; further, high levels of SUA may become surrogate markers of CAD severity in women.
